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MEDICAL DIAGNOSES SEEN UPON HOSPITAL ADMISSION ON HEAT 
WAVE DAYS AMONG THE ELDERLY IN THE UNITED STATES 
STEPHANIE HOPP  
ABSTRACT 
 Background: Exposure to extreme heat and heat waves has detrimental 
effects on human health, and with increasing predictions of climate change and 
global warming, it is of the utmost importance to further understand how our 
bodies will react. There is a high risk of increasing hospital admissions, 
especially among the elderly, with increasing heat events. Most studies of the 
health effects of heat waves have focused on a few pre-selected diseases, such 
as heat stroke and dehydration, and most notably mortality in specified regions 
and cities. However, the full range of medical diagnoses associated with heat 
wave exposure has not been identified. 
Objective: This study investigated multiorgan and system consequences 
of heat waves on the human body. The purpose of this study was to further 
analyze statistically significant disease categories, and attempt to get a broad 
spectrum of medical diagnoses and their trends during heat wave events among 
older adults. 
Methods: This study is a follow-up study of a prior investigation that 
looked broadly at 283 disease categories to determine which diseases had 
higher rates of hospitalization on heat wave days as compared to matched non-
heat wave days. The study population consisted of 23.7 million Medicare 
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enrollees residing in 1,943 counties in the United States, aged 65 years or older. 
This population represents roughly 85% of all Medicare enrollees. Data were 
collected between the years of 1999-2010, where data for 5 summers of near-
complete daily temperatures were available1. Diagnoses were measured with 6 
different heat wave definitions, starting with the baseline definition of a heat wave 
as a period of at least 2 days of average daily temperature beyond the 99th 
percentile for that specific county. Of the disease categories that were previously 
analyzed, 5 showed statistically significantly elevated risk during heat wave days 
(urinary tract infections, septicemia (except in labor), heat stroke and other 
external causes, and fluid and electrolyte disorders, and acute and unspecified 
renal failure), and one was shown to be statistically significantly lower on heat 
wave days (congestive heart failure; nonhypertensive). The current study 
evaluated these statistically significant categories to determine which specific 
medical diagnoses within each were statistically significantly associated with 
exposure to heat wave days. Using ICD-9-CM codes as diagnosis identification, 
a log-linear mixed-effects regression model was used to the multisite time series 
data of hospital admissions1.  
   Results: Of the 6 disease categories, 12 unique medical diagnoses had 
statistically significant log relative risks (logRR) on heat wave days as compared 
to matched non-heat wave days. Seven of the twelve (12) diagnoses came from 
the disease categories “Other injuries and conditions due to external causes” and 
“Fluid and electrolyte disorders”. Medical diagnoses that had a greater risk of 
	  	   viii 
hospital admissions on heat wave days included heat stoke and sunstroke, heat 
exhaustion (unspecified), heat exhaustion (anhydrotic), hyperosmolality and 
or/hypernatremia, hypovolemia, other specified septicemias, dehydration, 
hypoosmolality and/or hyponatremia, acute kidney failure (unspecified), urinary 
tract infection (site not specified), and unspecified septicemia. One medical 
diagnosis had a lower risk of hospital admissions, which was unspecified 
congestive heart failure (logRR: -0.062 (95% CI, -0.085 – -0.039)). Within the 
baseline definition of a heat wave, the relative risk values ranged from 22.646 
(95% CI, 14.865–34.192) for heat stroke and sunstroke to 1.055 (95% CI, 1.017–
1.095) for unspecified septicemias.  
Discussion: The results from this study indicate a higher risk of hospital 
admissions among 11 different medical diagnoses during heat wave days and a 
lower risk of hospital admissions for congestive heart failure. These diagnoses 
primarily came from two of the broad disease categories: “Other injuries and 
conditions due to external causes” and “Fluid and electrolyte disorders”. It can be 
concluded from these results that among older adults, there are various specific 
medical diagnoses that can be associated with heat wave events, leading to a 
large excess of hospital admissions. However, heat waves may have some 
potential protective affect on unspecified congestive heart failure. It is important 
for clinicians and hospitals to be aware and prepared for the predicted increase 
in reasons for hospital admissions during heat wave events.  
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INTRODUCTION 
 
For centuries, it has been known that the climate has a wide range of 
impacts on human health, seen around the world5. Extreme weather, particularly 
heat waves, has no universal definition, but tends to vary with temperature and 
geographic region5. In general, they can be defined as a period of several days 
to weeks with temperatures uncharacteristically hot5. Heat waves are considered 
to be one of the lesser-known forms of severe weather6, as they cannot be seen 
like tornadoes and hurricanes5. In the environment, heat waves can cause 
myriad effects; for example, the drying of soil increases susceptibility to erosion, 
thus decreasing available land for agriculture, occurrences of wildfires can 
increase in regularity, and water evaporation can hinder the marine aquatic 
systems by decreasing available habitat environments and nutrition5. But more 
specifically, a multitude of adverse human health effects can also be seen; in the 
last 15 years in the United States, heat has claimed more lives than all other 
extreme weather events combined6. These health effects have been known to 
include higher rates of all-cause cardiovascular mortality and emergency 
hospitalizations, as well as respiratory and renal failure1, 4.  
A variety of environmental factors contribute to heat and climate change 
that can affect human health. Thermal stress can be seen through the urban heat 
island effect, where temperatures are higher in cities than in suburban and rural 
areas. This is mainly due to heat-retaining surfaces such as concrete and black 
	  2 
asphalt, and this temperature increase can be associated with excess mortality 
related to cardiovascular, cerebrovascular, and respiratory disease20. 
Additionally, climate change has impacted floods and droughts, making them 
more intense and heavier. This is due to the fact that warmer air can contain 
more water, and thus we see an increase in rainfall. Storms are also predicted to 
be more frequent across the United States, and when temperatures rise during 
the spring, this snow may create a risk of flooding. Floods and droughts affect 
human health by causing physical injuries, increasing diarrheal diseases (most 
notably in developing countries), and increasing respiratory infections20. Various 
studies have also indicated that humans have induced climate change and 
increased the frequency and severity of heat waves around the world. Air 
pollution and climate change are often stronger during warm, summer months. 
Air pollution can arise anywhere from mobile sources, such as cars or planes, 
stationary sources, such as power plants, area sources, such as agricultural 
areas, or natural sources, such as wind-blown dust or wildfires43. However, 
mobile sources, particularly automobiles, tend to account for about half of the air 
pollution in the United States43. In turn, the air pollution reacts with sunlight to 
create large amounts of ozone in the atmosphere, becoming a harmful air 
pollutant. Ozone levels also tend to be higher at higher temperatures, and to be 
associated with higher mortality. Ozone concentrations have exceeded the 
national health standards in several National Park Service areas, often related to 
the acute and chronic exposure to air pollution44. Climate change can affect 
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respiratory diseases, particularly in emergency department visits for asthma, 
bronchitis, and chest pain20, 21. Global environmental change is a vast issue to 
tackle, but protecting health is dependent on management at multiple levels; 
prevention of social and economic drivers of environmental change, to helping to 
treat the subsequent hazards and exposures that we face all help to contribute to 
this change45.        
Heat waves have been seen around the world, and have largely impacted 
mortality rates. One example is the great heat wave of Chicago that occurred in 
1995. This heat wave resulted in more than 600 excess deaths and 3300 excess 
emergency department visits34. Many of the people affected were elderly, poor, 
and lacked air conditioning. Through July 12–16, 1995, temperatures reached a 
record high that were intensified by an urban heat island effect34. Additionally, in 
2003, France experienced an intense heat wave that affected all of Europe25. 
Nearly 15,000 people were killed, with a high percentage of these people being 
elderly. The exact cause of this specific heat wave is unknown, however it has 
been hypothesized that anthropogenic climate change and lingering affects of the 
El Nino event of 2002–2003 were major factors 23, 24.  
With temperatures expected to rise with continued climate change7, heat 
waves and extreme weather events are expected to become more frequent, 
intense, and longer lasting1, 8. More recent studies have shown how heat wave 
events will affect mortality rates, especially in the southern and eastern parts of 
the United States40. These studies predict an increase in excess hospital 
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admissions with the increase in frequency and severity of heat wave events40, 41, 
estimating the burden of heat waves under climate change to increase. With 
climate models indicating that greenhouse gases have, and will continue, to 
change the Earth’s climate, many epidemiological studies have provided 
evidence that this will continue to negatively impact our health40, 41, 42. 
Climate change and an increase in heat wave events can lead to various 
health effects in many organ systems of the human the body, including renal 
failure, neurological impairments, and cardiovascular failure36. As a result, we 
may see an increase in hospital admissions for these adverse effects as heat 
waves continue to occur. For clinicians and public health officials, understanding 
the incidences of specific medical diagnoses and clinical manifestations during 
heat waves can help improve clinical management of patients.  
Research has been done in the past to show how heat adversely affects 
human health among susceptible populations, especially among the elderly. 
However, in the current literature, many analyses have limited their studies to just 
respiratory or cardiovascular disease categories, as well as more common 
disease categories such as heat stroke and dehydration, and have not 
broadened the potential for other organ systems to be affected during heat 
waves1, 9, 10, 14. These effects have also primarily been seen during a single heat 
wave event, in a particular city or region, rather than over a longer time period of 
multiple summers and across a broader geographical area16, 17, 22, 24. Studying 
events for one heat wave does not necessarily correlate with other heat waves; 
	  5 
therefore, researching heat waves across a period of time to find trends and to 
infer what can be expected from one heat wave to another may show to be more 
reliable. Additionally, targeting studies at specific regions and cities is useful for 
those areas; however they cannot necessarily be extrapolated to other areas. 
Events that occurred in Chicago and the Midwest may not have the same effects 
in other parts of a country, such as the east or west coasts. There are a few 
studies that address multiple cities or countries—however, these studies address 
the relationship between heat and mortality levels, without examining a broader 
scale of health effects of heat1, 11, 38, 39. Many studies in the current literature 
solely address higher mortality rates among older adults during heat wave 
events1, 11, 12, 13. Although mortality rate statistics are a useful tool in assessing 
community health status, the multitude of health effects across organ systems 
that can also be seen during heat wave events have not been widely addressed.  
Recently, a comprehensive analysis has been done to show 
hospitalization admission trends that occur among the elderly in the United 
States during heat wave events1. Medicare inpatient claims data was used to see 
how being exposed to heat waves may affect multiple organ systems and lead to 
hospitalization in patients aged 65 or older. This study took over 200 different 
disease categories containing over 15,000 medical diagnoses that are seen in 
hospitals, and observed which of these categories became statistically significant 
on heat wave days. Identifying which broad disease categories we can look for in 
the future is key to the beginning of understanding the full range of human 
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physiological affects of heat wave events1. This study concluded that there are 6 
disease categories that were statistically significant during a specified definition 
of a heat wave. Five of these categories showed a statistically significantly higher 
risk on heat wave days. These included fluid and electrolyte disorders, renal 
failure (acute/unspecified), urinary tract infections, septicemia (except in labor), 
and heat stroke and other external causes. One category showed a statistically 
significantly lower risk of hospital admissions on heat wave days—congestive 
heart failure. However, our biggest knowledge gap is that we don’t know the 
specific diagnoses that are associated with heat wave exposure—a limitation in 
the previous study. In the previous study, the ICD-9-CM codes were categorized 
in order to obtain a more manageable set of 283 disease categories rather than 
consider all of the 15,000 ICD-9 codes. However, some of these categories are 
more heterogeneous than others. For example, “fluid and electrolyte disorders” 
and “heat stroke and other external causes” contain some disparate medical 
diagnoses. The “fluid and electrolyte disorders” category includes the medical 
diagnosis of dehydration—which was of large significance, contributing to the 
overall category significance. However, there are many more diseases within 
“fluid and electrolyte disorders” that are not actually significant. We therefore 
don’t know what the specific diagnoses are that are driving the associations 
between heat waves and the disease categories.   
The aim of this study was to look at the 6 disease categories previously 
determined as statistically significant, and determine which unique medical 
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diagnoses are statistically significant within each of those categories. This follow 
up study aims to determine the specific medical diagnoses, not just broad 
disease categories, and it is through this understanding that we will be able to 
prepare and change our clinical practices appropriately. Although the 6 disease 
categories that were examined here that contain a total of 50 medical diagnoses 
is the first step, not all of the diagnoses within those categories are statistically 
significant. This study contributes a more detailed investigation into specific 
medical diagnoses that are statistically significantly changed during a heat wave 
event.
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METHODS 
 The methods used in this study are based on the previous study’s 
methods that looked at disease categories on heat wave days. The same study 
population and a similar model is used here. 
Medicare inpatient billing claims data from 27.9 million Medicare 
beneficiaries per year were gathered. Inclusion criteria included patients that 
were 65 years of age or older, enrolled in the fee-for-service program (Medicare) 
for at least 1 month from January 1, 1999 to December 31, 2010 and lived in the 
United States1. Once that information was gathered, age, sex, race, and county 
of residence for each patient, and the date of their hospitalization were obtained, 
totaling 23.7 million Medicare enrollees. The International Classification of 
Diseases, Ninth Revision (ICD-9-CM) was used in this study for coding and 
classifying each medical diagnosis. ICD-9-CM is a standard set of codes that is 
used internationally by many in the healthcare field, including physicians, 
hospitals, and health workers, to classify diagnoses for patient encounters15, 18. It 
is used to compare the “collection, processing, classification, and presentation of 
mortality statistics”18, containing a standard list of six-character alphanumeric 
codes. ICD-9-CM is the standard for diagnosis coding under the Health 
Insurance Portability and Accountability Act (HIPAA)15. Currently, it is necessary 
that health care providers and health plan systems use a standardized code to 
classify diseases, diagnoses, and procedures, set by HIPAA, to maintain 
consistency among physicians19. Consistency is imperative to this study as we 
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looked at hospitals around the country, and we want to be certain that physicians 
are using reliable ways of reporting diagnoses. These codes are then entered 
into a patient’s electronic health record, and are accessible for clinical research. 
Clinical Classifications Software (CCS) is a categorization database used for the 
ICD-9-CM codes. CCS codes are able to take numerous ICD-9-CM codes and 
classify them into clinically meaningful categories37. Table 1 in the appendix 
shows all of the CCS and ICD-9-CM codes with appropriate diagnosis 
translations that were studied.  
In the previous study, the 15,072 possible ICD-9 codes were categorized 
into 283 mutually exclusive disease categories using a Clinical Classifications 
Software (CCS) algorithm developed by the Agency for Healthcare Research and 
Quality2. Disease categories that were excluded from the original study included 
those that rarely occur in older adults; thus leaving 214 disease categories to 
analyze1. These rarely occurring disease categories included fertility and 
pregnancy related conditions where there were no events, leaving the disease 
categories that were analyzed to account for more than 99.9% of 
hospitalizations.  
This previous study identified 5 disease categories that had elevated risk 
on heat wave days, after adjusting for multiple comparisons. These categories 
are urinary tract infections, septicemia (except in labor), other injuries and 
conditions due to external causes, and fluid and electrolyte disorders. On the 
contrary, for one category, Congestive heart failure; nonhypertensive, a lower 
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hospitalization rate on heat wave days was estimated. For the current study, we 
only considered these 6 disease categories, and looked at the specific ICD-9-CM 
medical diagnosis codes within each of these disease categories. These 6 
categories were restricted further to only include greater than or equal to 100 
total admissions per medical diagnosis on both heat wave days and non-heat 
wave days. At least 100 total admissions across all of the heat wave days and 
non-heat wave days was used to ensure a sufficient number of events for model 
convergence. After this was done, the data set contained 50 individual ICD-9-CM 
codes. Table 2 in the appendix shows all of the statistically significant ICD-9-CM 
codes with their respective translations, and the number of hospital admissions 
on both heat wave and non-heat wave days.  
 
Temperature Data 
For each county in the United States, average daily temperature was 
obtained from the National Climatic Data Center1, 3. The National Climatic Data 
Center has more than 4,000 temperature monitors throughout the United States. 
Therefore, each county in the country was assigned an average daily 
temperature across monitors that were either in that county or within 35 km from 
that county’s geometric center1. Temperature values between pairs of monitors 
that were within 35 km of each other were very highly correlated1. This therefore 
excluded counties that would not have as reliable data as they would be too far 
away from a monitor to analyze. Counties were included in the study if they met 
the criteria of having 5 summers, defined as June-August, with at least 95% of 
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those days with daily temperature data. Five (5) summers was determined 
necessary to be sure to have sufficient number of days to be able to calculate the 
97th, 98th, and 99th percentiles for defining a heat wave (see heat wave definitions 
below), as well as having enough years of data to be able to match heat wave 
days to non-heat wave days by week as described below. Counties that lacked a 
monitor within 35 km from their geometric center or had fewer than 5 summers 
with at least 95% of days with daily temperature data were excluded1.  
Various definitions of heat waves were considered. The previous study 
considered 6 distinct definitions that included various temperatures and duration 
of days that the temperatures were high; the same definitions were therefore 
applied here. The baseline definition of a heat wave was a period of at least two 
consecutive days where the average daily temperatures were greater than the 
99th percentile of the distribution of daily temperatures for that county1. In 
addition, other heat wave definitions were included and used to compare to the 
baseline definition in the original study. This was done in order to get a broader 
spectrum for what could occur on hot summer days where the temperatures 
exceed different percentiles and where heat wave days last for a longer period of 
time. These definitions included at least 2 or at least 4 consecutive days with 
average daily temperatures exceeding the 97th, 98th, and 99th percentile for that 
county1. When looking at specific heat wave days, the day is defined as the 
second or later day, or fourth or later day (depending on the definition used) 
during that heat wave period. This therefore included many definitions of a heat 
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wave to better capture the true effect of a heat wave. This also eliminated the 
potential of just one random day being warmer than usual, which would not 
necessarily be considered a heat wave.  
By county and by week, each heat wave day was matched to a non-heat 
wave day. This non-heat wave day was selected randomly from a set of potential 
non-heat wave days. Potential non-heat wave days were defined as a day that 
was not itself a heat wave day, and were within 3 days of a heat wave day in 
other years1. For example, if the heat wave was during August 1–2, 2000, a non-
heat wave day could be any day from the same county during the time frame of 
July 29–August 5 during the years 1999 and 2001–2010, given that none of 
those other days are considered to be heat wave days.  
 
 Statistical Analysis 
The number of individuals at risk for hospitalization was calculated using the 
number of enrollees in the fee-for-service program (Medicare), and the number of 
hospital admissions was calculated for each of the ICD-9 codes of the disease 
categories. This was calculated for each individual county and each day.  
For each diagnosis code, we separately fit a log-linear mixed-effects 
regression model to the multisite time series data of hospital admissions1. Days 
that were either a heat wave day or non-heat wave day were included, and all 
others were excluded. To account for daily variation in hospitalization rates we 
included a day of the week indicator variable. To account for secular changes in 
the hospitalization rates, an indicator variable for calendar year was used as 
	  13 
well1. From the model, we estimated the log relative risk of admission for the 
diagnosis code on a heat wave day relative to a matched non-heat wave day. We 
also estimated the absolute risk difference, defined as the daily number of 
excess hospital admissions (per 100,000 individuals at risk) on a heat wave day 
compared with a matched non-heat wave day. 
 We hypothesized that there would be an increase in the log relative risk 
values for heat wave days when the definition of a heat wave became more 
intense and long lasting. Additionally, we hypothesized that not all of the medical 
diagnoses would be statistically significant within each disease category. We 
tested to see which medical diagnoses in the baseline definition of a heat wave 
were statistically significant, and compared this baseline to various other heat 
wave definitions to investigate any trends. 
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RESULTS 
The final study population consisted of 23.7 million Medicare enrollees per 
year residing in 1943 counties. This population accounts for roughly 85% of all 
Medicare enrollees. Although there are 1943 counties that are included, 1270 
counties were excluded from the analysis, due to the inclusion criteria, thus 
totaling 4.2 million Medicare enrollees in the United States1.   
Figure 1 shows only the statistically significant medical diagnoses from the 
baseline definition of a heat wave. The logRR values are shown in a plot with 
their respective confidence intervals. There are 12 different medical diagnoses, 
from 6 different disease categories.  
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Figure 1: This graph shows all 12 of the statistically significant medical 
diagnoses in decreasing order of logRR with their respective confidence 
intervals. The logRR values range from 3.12 to -0.06. This graph shows the 
variation in risk across all of the statistically significant diagnoses, and shows the 
variation in confidence intervals. 
Figures 2–7 show each of the disease categories with each of the medical 
diagnoses that are associated with that category. Each graph shows the CCS 
code, the ICD-9-CM codes, the diagnosis name, and the number of hospital 
admission events on heat wave days, non-heat wave days, and total number of 
events on both days. Within each disease category, not all of the diagnoses 
proved to be statistically significant. Within the “Septicemia (except in labor)” 
disease category, “other specified septicemias” and “unspecified septicemia” had 
log Relative Risk
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0 1 2 3
●
●
●
●
●
●
●
●
●
●
●
●
Congestive heart failure, unspecified
Unspecified septicemia
Urinary tract infection, site not specified
Acute kidney failure, unspecified
Hyposmolality and/or hyponatremia
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statistically significantly higher risks on heat wave days. Within the “Fluid and 
electrolyte disorders” disease category, “Hyperosmolality and/or hypernatremia”, 
“hypoosmolality and/or hyponatremia”, “Hypovolemia”, and “Dehydration” had 
statistically significantly higher risks on heat wave days. Within the disease 
category “Acute and unspecified renal failure”, only “Acute kidney failure, 
unspecified” had a statistically significantly higher risk on heat wave days. Within 
the “Urinary tract infections” disease category, only “Urinary tract infection, site 
not specified” had a statistically significantly higher risk on heat wave days. 
Within the “Other injuries and conditions due to external causes” disease 
category, “Heat stroke and sunstroke”, “Heat exhaustion, anhydrotic”, and “Heat 
exhaustion, unspecified” had statistically significantly higher risks on heat wave 
days. Lastly, within the “Congestive heart failure; nonhypertensive” disease 
category, only “Congestive heart failure, unspecified” had a statistically 
significantly lower risk on heat wave days.   
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Figure 2: This figure represents all of the medical diagnoses that are associated 
with the disease category “Fluid and Electrolyte Disorders”, including both 
statistically significant and not statistically significant. The number of hospital 
admissions that occurred on both heat wave days and non-heat wave days and 
total number of admissions is also included. 
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Figure 3: This figure represents all of the medical diagnoses that are associated 
with the disease category “Other injuries and conditions due to external causes”, 
including both statistically significant and not statistically significant. The number 
of hospital admissions that occurred on both heat wave days and non-heat wave 
days and total number of admissions is also included.  
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Figure 4: This figure represents all of the medical diagnoses that are associated 
with the disease category “Acute and unspecified renal failure”, including both 
statistically significant and not statistically significant. The number of hospital 
admissions that occurred on both heat wave days and non-heat wave days and 
total number of admissions is also included.  
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Figure 5: This figure represents all of the medical diagnoses that are associated 
with the disease category “Septicemia (except in labor)”, including both 
statistically significant and not statistically significant. The number of hospital 
admissions that occurred on both heat wave days and non-heat wave days and 
total number of admissions is also included.  
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Figure 6: This figure represents all of the medical diagnoses that are associated 
with the disease category “Urinary tract infections”, including both statistically 
significant and not statistically significant. The number of hospital admissions that 
occurred on both heat wave days and non-heat wave days and total number of 
admissions is also included.  
log Relative Risk
Urinary tract infections
−0.4
●
●
●
●
●
●
159
159
159
159
159
159
CCS Code
Irradiation cystitis
Pyelonephritis, unspecified
Acute pyelonephritis 
Urinary tract infection, unspecified site
Cystitis, unspecified
Acute cystitis
Diagnosis
103
513
483
9392
158
114
# of Events
on Heat Wave
Days
96
484
472
8357
166
147
# of Events
on Non−Heat
Wave Days
199
997
955
17749
324
261
Total #
of Events
	  23 
 
log Relative Risk
Congestive heart failure; nonhypertensive
−0.4 0.0 0.4
●
●
●
●
●
●
●
●
●
●
●
●
108
108
108
108
108
108
108
108
108
108
108
108
CCS Code
Acute on chronic combined sys & diast HF
Acute combined systolic and diastolic HF
Acute on chronic diastolic heart failure
Chronic diastolic heart failure
Acute diastolic heart failure
Diastolic heart failure, unspecified
Acute on chronic systolic heart failure
Chronic systolic heart failure
Acute systolic heart failure
Systolic heart failure, unspecified
Rheumatic heart failure (congestive)
Congestive heart failure, unspecified
Diagnosis
296
70
699
83
372
452
948
113
257
151
593
16410
# of Events
on Heat Wave
Days
283
74
728
84
361
494
928
127
331
183
683
17541
# of Events
on Non−Heat
Wave Days
579
144
1427
167
733
946
1876
240
588
334
1276
33951
Total
# of
Events
	  24 
Figure 7: This figure represents all of the medical diagnoses that are associated 
with the disease category “Congestive heart failure; nonhypertensive”, including 
both statistically significant and not statistically significant. The number of 
hospital admissions that occurred on both heat wave days and non-heat wave 
days and total number of admissions is also included.  	  	  
Figure 8 shows all of the medical diagnoses with their respective logRR 
values that were included in the study grouped by disease category. This graph 
includes both the statistically significant and not statistically significant medical 
diagnoses. From this figure we can see that of the 12 diagnoses, 11 had 
statistically significantly elevated relative risks of hospitalizations during heat 
wave days, and 1 diagnosis (congestive heart failure) had a statistically 
significantly reduced risk of hospitalizations during heat waves. Within the 
baseline definition of a heat wave, the relative risk values ranged from 22.646 
(95% CI, 14.865—34.192) for heat stroke and sunstroke to 1.055 (95% CI, 
1.017—1.095) for unspecified septicemias. Some disease categories had more 
than one statistically significant diagnosis. For those categories, the highest risk 
estimate within each disease category was as follows: for “septicemia”, “other 
specified septicemias” had the highest risk estimate, for “fluid and electrolyte 
disorders”, “Hyperosmolality and/or hypernatremia” had the highest risk estimate, 
and for “other injuries and conditions due to external causes”, “heat stroke and 
sunstroke” had the highest risk estimate.  
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All Diagnoses 
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Figure 8: This figure shows the log relative risk of hospital admission on a heat 
wave day as compared to a matched non-heat wave day for each of the 50 unique 
medical diagnoses that were considered in this study. Statistically significant medical 
diagnoses are in a solid black circle with their respective confidence intervals, and 
non-statistically significant medical diagnoses are in an open circle with their 
respective confidence intervals. These values are the log relative risk values for the 
baseline definition of a heat wave, ≥2 day, 99th percentile. 
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Figure 9 shows all of the statistically significant medical diagnoses, 
overlapped with each of the 6 heat wave definitions. Each diagnosis has a log 
relative risk value for each of the 6 definitions, shown from the least severe (≥ 2 
days, >97th percentile) to the most severe ((≥ 4 days, >99th percentile). 11 of the 
diagnoses had a log relative risk greater during heat wave days, and one 
diagnosis had a log relative risk lower during heat wave days. Our findings in 
Figure 3 address our hypothesis of evaluating whether or not there was an 
increase in the log relative risk values for heat wave days when the definition of a 
heat wave became more intense and longer lasting. From the least severe to the 
most severe heat wave definition, dehydration, hyperosmolality and/or 
hypernatremia, hypoosmolality and/or hyponatremia, hypovolemia, acute kidney 
failure (unspecified), urinary tract infection, heat exhaustion (anhydrotic), heat 
exhaustion (unspecified), and heat stroke and sunstroke all had increasing log 
relative risk estimates for hospital admission. On the contrary, unspecified 
congestive heart failure, other specified septicemias, and unspecified septicemia 
had a reduced risk of hospital admission. Congestive heart failure had a reduced 
risk with both heat wave definitions, but a greater reduction in risk with a more 
severe heat wave definition. Unspecified septicemias had an elevated risk of 
hospital admission for the less severe definition, and had a small, reduced risk 
during the more severe definition. Lastly, other specified septicemias had an 
elevated risk for both definitions, however this risk was reduced when the heat 
wave definition became more severe.  
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Figure 9: This figure shows all 12 medical diagnoses, overlapped with each of 
the various heat wave definitions. Each medical diagnosis has a log relative risk 
value with the respective confidence intervals and heat wave definitions.    
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DISCUSSION 
 
 This study provides evidence of a strong association between 
hospital admissions for several medical diagnoses during heat wave days as 
compared to matched non-heat wave days. There was a greater risk for hospital 
admissions for 11 different medical diagnoses among older adults in the United 
States, including heat stoke and sunstroke, heat exhaustion (unspecified), heat 
exhaustion (anhydrotic), hyperosmolality and or/hypernatremia, hypovolemia, 
other specified septicemias, dehydration, hypoosmolality and/or hyponatremia, 
acute kidney failure (unspecified), urinary tract infection (site not specified), and 
unspecified septicemia. These 11 unique medical diagnoses had a range of log 
relative risk values from 0.054 (95% CI, 0.017–0.091) for unspecified septicemia 
(having a 0.055% higher risk for hospital admission on a heat wave day) to 3.115 
(95% CI, 2.70–3.53) for heat stroke and sunstroke (having a 21.53% higher risk 
of hospital admission on a heat wave day). Aside from the diagnoses other 
specified septicemias and unspecified septicemia, there was a general increase 
in relative risk with heat waves that were longer lasting and more intense (≥2 
days, >97th percentile compared to ≥4 days, >99th percentile).  
Additionally, our results suggested that one diagnosis, unspecified 
congestive heart failure, had a statistically significantly lower risk during heat 
wave days as compared to non-heat wave days. The log relative risk value for 
this disease was -0.062 (95% CI, -0.086 – -0.039). This shows that unspecified 
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congestive heart failure had a 0.060% lower risk of hospital admission on a heat 
wave day as compared to a non-heat wave day.  
In general, heat exhaustion can be described as a situation in which the 
body overheats. This can occur when the body is exposed to higher 
temperatures and humidity, where this can lead to heat stroke if there is no 
medical intervention49. Hyper- and hypoosmolality refer to higher or lower levels 
of osmolality in the body. Osmolality can be defined as an index of solute 
concentration50. Hyperosmolality can occur during dehydration, or when the body 
has high amounts of solutes such as electrolytes and nutrients and not enough 
water, and hypoosmolality can occur when there is more water than electrolytes 
and nutrients. Lastly, septicemia is a bacterial infection in the blood, which is 
frequently life threatening51. It frequently originates as a urinary tract infection or 
lung infection, and can potentially be cured if patients are diagnosed early 
enough and treated with antibiotics51.  
This study is indicative of potential hospital admissions that will be seen 
with an increase in heat waves in the future. Through an extensive literature 
review, this study, and the previous study, appears to be one of few studies done 
that addresses multisystem hospital admissions among older adults in the United 
States during heat wave events. These two studies tested a broad range of 
medical categories and diagnoses, rather than looking at specific diseases and 
their specific outcomes. Overall, this study looked at over 23 million older adults 
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in the United States, starting from 15,072 different ICD-9-CM codes and 283 
disease categories, that had been narrowed down to 50 unique medical 
diagnoses and the 6 disease categories that were statistically significant on heat 
wave days. The medical diagnoses that were characterized within each of these 
6 disease categories, Septicemia (except in labor), Acute and unspecified renal 
failure, Fluid and electrolyte disorders, Congestive heart failure; nonhypertensive, 
Urinary tract infections, and Other injuries and conditions due to external causes, 
were looked in detail to determine which medical diagnoses were truly 
statistically significant. The majority of the diagnoses, specifically seven of the 
twelve medical diagnoses, that were statistically significant only came from two of 
the categories—“ Other injuries and conditions due to external causes” and “Fluid 
and electrolyte disorders”—indicating the importance of those diagnoses and 
their disease category. This is not surprising, as the majority of the medical 
diagnoses in these categories have been shown to be associated with heat wave 
events.  
It is believed that these findings are highly indicative of hospital 
admissions among the elderly in the United States during a heat wave event. 
Due to the increasing incidence of heat waves and the continuing affect of 
climate and temperature35, these numbers may become worse in the future. Heat 
wave events are predicted to be more frequent, severe, and long lasting1, 35, and 
understanding what hospital admissions we can anticipate in the future is critical 
for clinical care of patients. In particular, elderly patients are at a high risk for 
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hospitalization due to factors such as diminished ability of thermoregulation and 
an increase in prescription medication that may be inhibit fluid and electrolyte 
homeostasis1, 29. As a result, more severe health effects leading to hospital 
admissions among this population may become more common. The goal of this 
study was to further analyze the prior study, to discover what specific medical 
diagnoses we can anticipate seeing in the future related to human physiology in 
response to heat events—as broad categories may not be as indicative.  
The findings in this study are consistent when compared to previous 
studies done on hospital admissions in the United States among the elderly. In 
particular, heat stroke, dehydration, and renal failure have been shown to have 
excess hospital admissions during heat wave events1, 22, 26. It has also been 
shown that heat stroke is associated with multiorgan dysfunction, where infection 
is also common to be found upon hospital admission1, 22. Heat stroke and 
sunstroke had the largest log relative risk value in this study at 3.115 (95% CI, 
2.70–3.53), and is seen often in susceptible populations, such as the elderly, 
during the summer months. Heat stroke is the most severe form of heat illness, 
caused by long, extreme exposure to sun27. It is understood that heat stroke is a 
form of hyperthermia caused by many different factors, especially dehydration 
and the inability to sweat enough to lower body temperature27. It can develop 
rapidly, requires immediate medical treatment, and can be fatal if left untreated. 
This results in multiple hospital admissions for management of care and 
prevention of excess mortality. Heat stroke can lead to the failure of the body’s 
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temperature control and regulation system. This may make the body more 
susceptible to other bacteria and infection, and possibly correlate with the 
change in incidence of infections found in this study—specifically, other specified 
septicemias, unspecified septicemias, and urinary tract infections. Therefore, it is 
reasonable to hypothesize that an increase in heat stroke is linked with an 
increase in other infections seen in the human body on heat wave days and upon 
hospital admission.  
 Dehydration is also a major factor in heat stroke. Dehydration can often be 
seen when water that is lost, due to things like sweat and urine, is not replaced27. 
The body will initially lose water content and essential body salts, and then begin 
to retain as much water and nutrients as possible. If a person becomes 
dehydrated and cannot sweat enough to cool their body temperature, the internal 
body temperature may rise to very high levels. This can cause a myriad of heat 
illnesses, especially heat stroke. This is consistent with the results that both heat 
stroke and dehydration are statistically significantly greater on heat wave days as 
compared to non-heat wave days.  
Kidney failure has been associated with many factors related to heat wave 
hospital admissions. These factors include direct thermal injury and prerenal 
acute injury1, 22. Unspecified acute kidney failure is related to dehydration and 
fluid retention, also symptoms of dehydration. Dehydration slows blood flow to 
the kidneys, and can lead to acute kidney failure (mayo clinic-acute). Acute 
kidney failure is often associated with another medical condition or event (22, 
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mayo-acute). In this case of this study, most patients will be admitted due to heat 
stroke, and can develop acute kidney failure as a result of being hospitalized. 
Additionally, acute kidney failure has been increasing in the elderly more recently 
in the United States29.   
The most surprising medical diagnosis to be found statistically significant 
was that there was a lower risk of congestive heart failure on heat wave days as 
compared to non-heat wave days [-0.062 (95% CI, -0.086 – -0.039)]. This 
showed that for congestive heart failure, there is a 0.06% lower risk than on non-
heat wave days. Congestive heart failure can be described as when the heart is 
unable to pump adequate amounts of blood throughout the body30. This outcome 
of heat wave events has not been studied often, but has been thought to be 
related to the decrease of water and fluid levels in the body during a heat wave. 
Congestive heart failure can occur when there is an excess of fluid in the body, 
building up in extremities, especially the ankles, legs, and abdomen. However, 
when heat waves occur, dehydration is more common, and potentially this 
decrease in fluid and water volumes in the body contribute to a decrease in 
congestive heart failure.  This mild loss of fluid may have some protective effects 
against congestive heart failure, but is uncertain and should be studied further1, 
31. A meta-analysis done of 21 studies did not observe a statistically significant 
association between cardiovascular disease and heat-related hospital 
admissions32, while other studies have found a positive association33. This may 
have been due to categorizing diagnoses differently—all cardiovascular diseases 
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in one category. This may have an affect on the results as not all cardiovascular 
diseases manifest clinically in the same way—while some can be triggered 
during a heat wave event, and some may not. Although this is a small reduction 
in risk, it is still significant to note.  
 After analyzing the results, it is apparent that over half (7 of the 12) of the 
statistically significant medical diagnoses only come from two of the disease 
categories—“ Other injuries and conditions due to external causes” and “Fluid 
and electrolyte disorders”. This is expected as fluid and electrolyte disorders and 
heat stroke are specific to heat. This shows us that although there are 6 different 
disease categories, 2 of them contain the majority of the significant diagnoses. 
Additionally, the diagnoses with the largest log relative risk values also have the 
largest confidence intervals. This may be because the disease with the largest 
risks (heat stroke) is less common than many of those with smaller risks (e.g., 
congestive heart failure) and that is why they have the wider confidence intervals.  
The goal of this study was to examine the possible causes of hospital 
admissions during heat wave days as compared to non-heat wave days. 
Although prior investigations have aimed to look at which disease categories will 
be more prevalent during a heat wave, here I was interested in discovering the 
specific diseases and their appropriate ICD9 codes. The medical diagnoses were 
categorized into clinically meaningful disease categories, to attempt to capture 
diseases that were more clinically similar, not just within the same organ system. 
The methods used in this study adjusted for county-level factors and temporal 
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trends by matching heat wave days to non heat wave days according to day and 
year. Additionally, we tested for various different heat wave definitions—to 
observe trends among the various diagnoses among different circumstances1.   
There were a few limitations to this study. First, in this study we used 
specific ICD-9-CM codes to classify diseases. However, hospital clinicians may 
not report these specific diagnoses, and may misclassify the admission as 
different diagnosis. Additionally, some of the ICD-9-CM codes for medical 
diagnoses are broader than others—such as “other septicemias”, which may not 
be as useful as some of the other more specific medical diagnoses such as 
“hypoosmolality”. Secondly, the results may be susceptible to confounding bias. 
A matched time series analysis was used to help eliminate this bias, but there is 
still a possibility of it occurring1. Third, one possible flaw in the data is that some 
patients may have been admitted to the hospital during the heat wave time 
period for one of our medical diagnoses, however it may not have been heat 
related. This would then make our data seem like there were more admissions 
due to the heat wave, when the admission may have been caused by a host of 
other events. Lastly, one limitation is that this study was solely restricted to the 
disease categories that were statistically significant in the previous study. There 
is a possibility that there are still other medical diagnoses that were statistically 
significant, but they were classified in a disease category that wasn’t statistically 
significant. Therefore, they were not considered in this study.  
This analysis provides insight to what hospital admissions may be more 
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common in the future. Heat wave events may occur more frequently, for longer 
periods of time, and become more intense, and we may need to prepare and 
change our clinical practices appropriately to account for this shift in our climate. 
Clinical practices can become more prepared with disaster plans, and have 
thorough training prior to summer months. By calculating the excess hospital 
admissions that have been seen in the elderly during heat wave events, and 
highlighting the specific medical diagnoses that they were diagnosed with, we 
can be better prepared in the future, and we can now raise more awareness on 
disease prevention. Many of these admissions are in fact preventable, such as 
dehydration and heat stroke, but much of the elderly population may not know 
their potential danger for hospital admission, despite their high risk. Knowledge of 
the consequences that can come due to activities in warm, summer months is a 
major point of education for the elderly and other susceptible populations. Getting 
the information out to the elderly themselves or people that know or care for the 
elderly, and having a system to intervene before the heat wave hits is key to 
avoiding complications as seen in this study. Lastly, knowing which medical 
diagnoses to prepare for will enable the emergency department and hospital to 
be better prepared for the needs of patients. Disaster plans may be required for 
the emergency department staffing, and additionally, different supplies and 
equipment may be necessary for different seasons, weeks, or days. If health care 
professionals can expand their knowledge on which disease processes are 
expected to increase during these heat wave events, it can help make hospital 
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systems work better, and help predict diagnoses more easily in a standardized 
fashion.   
Finally, preventing diseases and hospital admissions can save hospitals 
large sums of money. A survey done in 2011 by the Natural Resource Defense 
Council (NRDC) indicated that between the years of 2002-2009, total health care 
costs for illness due to heat waves totaled $179 million dollars48. More 
specifically, one study showed that in 2004-2005, there were 9,947 health care 
visits due to hyperthermia46. Hyperthermia included “heat exhaustion, 
unspecified”, and “heat stroke and sunstroke”, and together these two diagnoses 
included about 90% of the health care visits. Of the hyperthermia patients that 
were seen, about 11% were admitted to the hospital for inpatient care rather than 
discharge46. In total, hyperthermia cost roughly $36 million dollars. In this study, it 
was observed that throughout the time period of 2004-2005, there seemed to be 
a large increase in hospital visits and health care costs—presumably due to 
summer temperatures exceeding the norm in 200546, 47. This study did not 
include the following heat wave day related diagnoses: septicemias, hyper- and 
hypoosmolality, hypovolemia, acute kidney failure, urinary tract infections, 
anhydrotic heat exhaustion, or congestive heart failure. These extreme 
temperatures have not been shown to be directly correlated with hospital 
admissions, however with our current knowledge about the relationship between 
dangerous temperatures and health effects can lead us to believe that these 
Medicare costs will only increase. 
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The findings in this study suggest several areas for further investigation. 
For example, we found that there was a lower risk of unspecified congestive 
heart failure on heat wave days. Future studies can delve into the physiological 
relationship between heat wave days and congestive heart failure specifically, to 
further understand the metabolic process that is suggested by this paper and 
why this may be occurring. The known effects of congestive heart failure can be 
explored, and better link the two events together. Additionally, risk of septicemia 
decreased with more severe heat wave definitions. Further studies can be done 
to understand more of the physiology associated with why these findings 
occurred. Additionally, studies can be done to look into healthcare costs of 
hospital admissions of a broader spectrum of diseases. Studies that are available 
are slightly outdated46 relative to current population and medical issues, in 
addition to excluding a wide spectrum of diseases. If we can better understand 
the costs that we can save by preventing hospital admissions among Medicare 
enrollees during heat wave days, we can better promote education and clinical 
management. Studies can also be done to look at various regions of the United 
States and the health impacts during heat wave days specific to location. Studies 
have been done on specific cities or large land areas, such as Chicago or 
Europe25, 34, but future studies should be region specific to be more precise per 
area of the United States. Lastly, studies should look into the specifics of the 
population at hand—for example, looking at the Medicare enrollees that were in 
this study, it could serve as advantageous to look at which of these patients are 
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also Medicaid eligible. Additionally, studies done on racial disparities can help 
identify more susceptible populations. This would show what type of population 
would benefit the most from education and prevention, and also where most of 
the money is being spent. If we can identify particular populations that are being 
affected the most, we can reduce excess hospital admissions and improve 
overall care.  
Overall, knowing which medical diagnoses to anticipate during warm, 
summer months can improve overall hospital care and administration, especially 
for the elderly.   
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APPENDIX 
Table 1: CCS and ICD9 codes with appropriate translations  
 
CCS ICD9 Translations 
2 380 Streptococcal septicemia 
2 382 Pneumococcal septicemia 
2 383 Septicemia due to anaerobes 
2 388 Other specified septicemias 
2 389 Unspecified septicemia 
157 586 Renal failure, unspecified 
55 2760 Hyperosmolality and/or hypernatremia 
55 2761 Hypoosmolality and/or hyponatremia 
55 2765 Hypovolemia 
55 2766 Fluid overload 
55 2767 Hyperpotassemia 
55 2768 Hypopotassemia 
55 2769 
Electrolyte and fluid disorders not elsewhere 
classified 
2 3810 Staphylococcal septicemia, unspecified 
2 3811 
Methicillin susceptible Staphylococcus aureus 
septicemia 
2 3812 
Methicillin resistant Staphylococcus aureus 
septicemia 
2 3819 Other staphylococcal septicemia 
2 3840 
Septicemia due to gram-negative organism, 
unspecified 
2 3842 Septicemia due to escherichia coli [E. coli] 
2 3843 Septicemia due to pseudomonas 
2 3849 Other septicemia due to gram-negative organisms 
108 4280 Congestive heart failure, unspecified 
157 5845 Acute kidney failure w/lesion  
157 5849 Acute kidney failure, unspecified 
159 5950 Acute cystitis 
159 5959 Cystitis, unspecified 
159 5990 Urinary tract infection, unspecified site 
2 7907 Bacteremia 
244 9351 Foreign body in esophagus 
244 9920 Heat stroke and sunstroke 
244 9923 Heat exhaustion, anhydrotic 
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244 9925 Heat exhaustion, unspecified 
55 9951 Angioneurotic edema, not elsewhere classified 
55 27650 Volume depletion, unspecified 
55 27651 Dehydration 
108 39891 Rheumatic heart failure (congestive) 
108 42820 Systolic heart failure, unspecified 
108 42821 Acute systolic heart failure 
108 42822 Chronic systolic heart failure 
108 42823 Acute on chronic systolic heart failure 
108 42830 Diastolic heart failure, unspecified 
108 42831 Acute diastolic heart failure 
108 42832 Chronic diastolic heart failure 
108 42833 Acute on chronic diastolic heart failure 
108 42841 Acute combined systolic and diastolic HF 
108 42843 Acute on chronic combined sys & diast HF 
159 59010 Acute pyelonephritis  
159 59080 Pyelonephritis, unspecified 
159 59582 Irradiation cystitis 
244 95901 Head injury, unspecified 
Table 1: This table includes all diagnoses per disease category, with any amount 
of events on heat wave and non-heat wave days. The final table includes 50 
diagnoses.  
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Table 2: ICD9 code and translations with events on heat wave and non-heat 
wave days 
 
ICD-9 Diagnosis 
# of events 
Heat Wave 
Days 
# of events 
Non-Heat Wave 
Days 
388 Other specified septicemias 367 278 
389 Unspecified septicemia 6865 6088 
2760 
Hyperosmolality and/or 
hypernatremia 293 197 
2761 
Hypoosmolality and/or 
hyponatremia 2457 1982 
2765 Hypovolemia 4444 3941 
4280 
Congestive heart failure, 
unspecified 16410 17541 
5849 
Acute kidney failure, 
unspecified 6407 5418 
5990 
Urinary tract infection, 
unspecified site 9392 8357 
9920 Heat stroke and sunstroke 623 24 
9923 Heat exhaustion, anhydrotic 126 12 
9925 Heat exhaustion, unspecified 600 50 
27651 Dehydration 2574 1654 
Table 2: This table shows all of the statistically significant medical diagnoses, 
with the number of events of admission on heat wave days and non-heat wave 
days. 
  
	  44 
LIST OF JOURNAL ABBREVIATIONS 
 
Am J Epidemiol ................................................. American Journal of Epidemiology  
Ann Intern Med ............................................................ Annals of Internal Medicine 
Environ. Health Perspect.  ............................... Environmental Health Perspectives  
Int J Epidemiol .............................................. International Journal of Epidemiology 
JAMA ......................................... The Journal of the American Medical Association 
Occup Environ Med ............. Journal of Occupational and Environmental Medicine 
	  45 
 REFERENCES 
 
1. Bobb JF, Obermeyer Z, Wang Y, Dominici F. Cause-Specific Risk of Hospital 
Admission Related to Extreme Heat in Older Adults. 
JAMA. 2014;312(24):2659-2667. doi:10.1001/jama.2014.15715. 
2. Elixhauser A, Steiner C, Palmer L. Clinical Classifications Software for ICD-
9-CM. Rockville, MD: Agency for Healthcare Research and Quality; 2014. 
http://www.hcup-us.ahrq.gov/toolssoftware/ccs /ccs.jsp. Accessed January 
31, 2015. 
3. NationalClimaticDataCenter. Global summary of the day. 2013. 
http://www7.ncdc.noaa.gov /CDO/cdoselect.cmd?datasetabbv=GSOD 
&countryabbv=US&georegionabbv=&resolution =40. Accessed January 21, 
2015. 
4. Bobb, 2014, heat-related mortality: Bobb J.F., Peng R.D., Bell M.L., Dominici 
F. Heat-related mortality and adaptation to heat in the United States. 
Environ. Health Perspect. 2014;8 doi: 10.1289/ehp.1307392. 
5. https://www.princeton.edu/~achaney/tmve/wiki100k/docs/Extreme_weather.h
tml 
6. Casey Thronbrugh, Asher Ghertner, Shannon McNeeley, Olga Wilhelmi, and 
Robert Harriss (2007). “Heat Wave Awareness Project: National Center for 
Atmospheric Research”. Retrieved 2015-01-15.  
7. McMichael AJ, Woodruff RE, Hales S. Climate change and human health: 
present and future risks. Lancet. 2006;367(9513):859–869. 
8. Patz JA, Frumkin H, Holloway T, Vimont DJ, Haines A. Climate change: 
challenges and opportunities for global health. JAMA. 2014;312(15):1565–
1580. 
9. Huynen MM, Martens P, Schram D, Weijenberg MP, Kunst AE. The impact 
of heat waves and cold spells on mortality rates in the Dutch 
population. Environ. Health Perspect. 2001;109:463–470. 
 
10. Barnett AG. Temperature and cardiovascular deaths in the US elderly; 
changes over time. Epidemiology. 2007;18:369–372. 
11. Anderson BG, Bell ML. Weather-related mortality: how heat, cold, and heat 
waves affect mortality in the United States. Epidemiology. 2009;20(2):205–
213. 
	  46 
12. Medina-Ramon, M, Schwartz J. Temperature, temperature extremes and 
mortality: a study of acclimatization and effect modification in 50 US cities. 
Occup Environ Med. 2007;64:827-833. 
13. Curriero FC, Heiner KS, Samet JM, et al. Temperature and mortality in 11 
cities of the eastern United States. Am J Epidemiol.  2002;155:80-87.  
14. Anderson, G. B., Dominici, F., Wang, Y., McCormack, M. C., Bell, M. L., & 
Peng, R. D. Heat-related Emergency Hospitalizations for Respiratory 
Diseases in the Medicare Population. American Journal of Respiratory and 
Critical Care Medicine, 2013;187(10), 1098–1103. doi:10.1164/rccm.201211-
1969OC 
15. ICD-9 FAQ Retrieved 2/23/2015, 2014, from http://www.acep.org/Clinical---
Practice-Management/ICD-9-FAQ/ 
16. Zanobetti A, Schwartz J. Temperature and mortality in nine US cities. 
Epidemiology 2008;19:563–570. 
17. Harlan SL, Chowell G, Yang S, et al. Heat-Related Deaths in Hot Cities: 
Estimates of Human Tolerance to High Temperature 
Thresholds. International Journal of Environmental Research and Public 
Health 2014;11(3):3304-3326. doi:10.3390/ijerph110303304. 
18. International Classification of Diseases, Ninth Revision (ICD-9) Retrieved on 
2/27/2015, 2009, from http://www.cdc.gov/nchs/icd/icd9.htm 
 
19. ICD-10 Overview Retrieved on 2/27/2015, from 
http://www.medicaid.gov/medicaid-chip-program-information/by-topics/data-
and-systems/icd-coding/icd.html 
 
20. A. Haines, J. Patz. Health effects of climate change. JAMA, 291(2004):99–
103 
 
21. Surveillance of morbidity during wildfires—Central Florida, 1998. MMWR: 
Morbidity and Mortality Weekly Report. 1999;48:78–79.  
22. http://annals.org/article.aspx?articleid=711589 
23. Bhattacharya, S. “European Heatwave Caused 35,000 Deaths.” New 
Scientists. 10 Oct 2003. http://www.newscientist.com/article/dn4259-
european-heatwavecaused-35000-deaths.html 
24. Fouillet, A., G. Rey, F. Laurent, et al. 2006. Excess mortality related to the 
August 2003 heat wave in France. International Archives of Occupational 
	  47 
and Environmental Health 80:16–24. 
25. Robine J.M., Cheung S.L.K., Le Roy S., Van Oyen H., Griffiths C., Michel J.-
P., Herrmann F.R. Death toll exceeded 70,000 in Europe during the summer 
of 2003. Comptes Rendus Biologies. 2008;331:171–178. doi: 
10.1016/j.crvi.2007.12.001 
26. Hansen AL, Bi P, Ryan P, Nitschke M, Pisaniello, D, Tucker G. The effect of 
heat waves on hospital admissions for renal disease in a temperate city of 
Australia. Int J Epidemiol. 2008;37(6):1359–1365. 
27. Dehydration and Heat Stroke Retrieved 3/1/2015, from 
http://www.hopkinsmedicine.org/healthlibrary/conditions/non-
traumatic_emergencies/dehydration_and_heat_stroke_85,P00828/ 
28. Acute Kidney Failure Retrieved 3/3/2015, 2012, from 
http://www.mayoclinic.org/diseases-conditions/kidney-
failure/basics/causes/con-20024029 
29. Moledina, DG, Perazella, MA. Acute Kidney Injury and Mortality in 
the Elderly: Add Atypical Antipsychotics to the List. American Journal of 
Kidney Diseases. 2015 Feb 14. pii: S0272-6386(15)00022-0. doi: 
10.1053/j.ajkd.2015.01.005. [Epub ahead of print] 
30. Congestive Heart Failure (CHF) Retrieved on 3/5/2015, 2015, from 
http://www.medicinenet.com/congestive_heart_failure_chf_overview/article.h
tm 
31. Heart Failure Retrieved on 3/6/2015, 2015, from  
http://www.mayoclinic.org/diseases-conditions/heart-
failure/basics/definition/con-20029801 
32. Turner L.R, Barnett, A G, Connell D, Tong S. Ambient temperature and 
cardiorespiratory morbidity: a systematic review and meta-analysis. 
Epidemiology. 2012;23(4):594–606. 
33. Gronlund C J, Zanobetti A, Schwartz J D, Wellenius GA, O’Neill MS. Heat, 
heat waves, and hospital admissions among the elderly in the United States, 
1992-2006. Environ Health Perspect. 2014; 122(11):1187–1192. 
34. Dematte JE, O'Mara K, Buescher J, Whitney CG, Forsythe S, et al. (1998) 
Near-fatal heat stroke during the 1995 heat wave in Chicago. Annals of 
Internal Medicine 129: 173–181 9696724.  
 
	  48 
35. Meehl G.A., Tebaldi C. More intense, more frequent, and longer lasting heat 
waves in the 21st century. Science. 2004;305:994–997. doi: 
10.1126/science.1098704 
36. Leon LR, Helwig BG. Heat stroke: role of the systemic inflammatory 
response. Journal of Applied Physiology. 2010;109(6):1980-1988 
37. Clinical Classifications Software (CCS) for ICD-9-CM Retrieved on 
3/15/2015, 2015, from http://www.hcup-us.ahrq.gov/toolssoftware/ccs/ccs.jsp 
 
38. Baccini M, Biggeri A, Accetta G, et al. Heat effects on mortality in 15 
European cities. Epidemiology. 2008;19(5):711-719. 
39. Bobb JF, Dominici F, Peng RD. A Bayesian model averaging approach for 
estimating the relative risk of mortality associated with heat waves in 105 US 
cities. Biometrics. 2011;67(4):1605-1616.  
40. Wu, J, Zhou, Y, Gao, Y, Fu, J, Johnson, BA, Huang, C, Kim, Y, and Liu, Y. 
Estimation and Uncertainty Analysis of Impacts of Future Heat Waves on 
Mortality in the Eastern United States. Environ Health Perspect., November 
6, 2013. doi:10.1289/ehp.1306670.  
 
41. Peng, RD., Bobb, JF., Tebaldi, C, McDaniel, L, Bell, ML., and Dominici, F. 
Toward a Quantitative Estimate of Future Heat Wave Mortality under Global 
Climate Change. Environ Health Perspect. 2010:119(5):7016. 
doi:10.1289/ehp.1002430. 
 
42. McMichael, AJ., Woodruff, RE., and Hales, S. Climate Change and Human 
Health: Present and Future Risks. The Lancet 2006;367(9513):85969. 
 
43. Sources of Air Pollution Retrieved on 3/16/2015, 2013, from 
http://www.nature.nps.gov/air/AQBasics/sources.cfm 
 
44. Human Health Effects of Air Pollution Retrieved on 3/16/2015, 2013, from 
http://www.nature.nps.gov/air/aqbasics/human.cfm 
 
45. Global Environmental Change Retrieved on 3/16/2015, 2015, from 
http://www.who.int/globalchange/environment/en/ 
 
46. Noe, RS, Jin, JO, Wolkin, AF. Exposure to natural cold and heat: 
hypothermia and hyperthermia Medicare claims, United States, 2004–2005. 
American Journal of Public Health. 2012;102(4):e11–e18. 
 
 
	  49 
47. National Oceanic and Atmospheric Administration, National Climatic Data 
Center: Climate of 2005: July in Historical Perspective Retrieved on 
3/17/2015, 2009, from 
http://www.ncdc.noaa.gov/oa/climate/research/2005/jul/jul05.html 
 
48. Knowlton K, Rotkin-Ellman M, Geballe L, Max W, Solomon GM. Six climate 
change-related events in the United States accounted for about $14 billion in 
lost lives and health costs. Health Affairs. 2011;30(11):2167–2176. 
 
49. Heat Exhaustion Retrieved on 3/20/2015, 2015, from 
http://www.mayoclinic.org/diseases-conditions/heat-
exhaustion/basics/definition/con-20033366 
 
50. Osmolality-blood test Retrieved on 3/20/2015, 2015, from 
http://www.nlm.nih.gov/medlineplus/ency/article/003463.htm 
 
51. Septicemia Retrieved on 3/20/2015, 2015, from 
http://www.healthline.com/health/septicemia#Overview1 
  
	  50 
VITA 
 
STEPHANIE HOPP 
Born: 1990 
100 Sewall Ave, Apt 4 
Brookline, MA 02446 
Education 
M.S., Medical Science, Expected May 2015, Boston University School of 
Medicine, Boston, MA  
M.H.S., Environmental Health, May 2013, Johns Hopkins Bloomberg School of 
Public Health, Baltimore, MD 
Capstone Essay: Environmental Influences of Childhood Obesity  
B.S., Biology, June 2012, Union College, Schenectady, NY  
Research Experience 
Ophthalmic Technician, Boston Eye Group 
 Boston, MA, August 2014–Present 
Student Researcher, Harvard School of Public Health 
 Boston, MA, May 2014–Present 
Researcher, Johns Hopkins Bloomberg School of Public Health 
Baltimore, MD, January 2013–Present 
Intern, Epidemiology Department at UCLA 
Los Angeles, CA Summer 2012, Summer 2010 
Research Intern, Environmental Health Science Department-UCLA 
         Los Angeles, CA, Summer 2011–Present  
Research Intern, Iris Cantor UCLA Women’s Health Center 
         Los Angeles, CA, Summer 2011–Present  
	  51 
Volunteer Experience 
Volunteer, Outreach Van Project, Boston, MA September 2014–present 
Volunteer, bWell Center, Boston, MA January 2014–May 2014 
Participant, MEDLife, Lima, Peru December 2010  
Intern, ProBelize Service Corps, Belize, Central America July 2009 
Volunteer, Los Angeles Free Clinic, Los Angeles, CA December 2008  
Publications and Presentations 
1)  Pending publication acceptance, co--‐author. Reproductive Health and the 
Environment: The Visible Results of Invisible Hazards  
2)  Blog article entitled “With a Growing Effort Toward Safe Routes to Schools, 
Why Not Safe Routes to Universities” on LAStreetsBlog website 
(http://la.streetsblog.org/2011/09/08/with--‐a--‐growing--‐effort--‐ toward--‐
safe--‐routes--‐to--‐schools--‐why--‐not--‐safe--‐routes--‐to--‐
universities/#disqus_thread), Published Fall 2011  
3)  Blog article entitled “We've Got Safe Routes to Schools, Why Not Safe 
Routes to Universities?” on Bikewalk.org website 
(http://www.bikewalk.org/newsletterarch2011.php), Published Fall 2011  
4) Invited Presenter, “Urban River Parkways: An Underutilized Tool for 
Improving Human Health”.  
Presented at the 2012 California Trails & Greenways Conference, 
Woodland Hills, CA, 2012 
  
